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Summary

This study was carried out to design the optimal systems of diversified farming by the mathe-
matical model developed. In order to achieve this goal, a computer program named DFSDINGP

was developed by the nonlinear goal programming (NGP), and for testing its effectiveness, the

optimal systems of diversified farming were designed for three regions surveyed and compared

them with those of the conventional.

DFSDINGP was programmed with FORTRAN 77 and it could handle the NGP problem
having 25 independent variables and 75 constraint functions.

The study results showed that the developed models and DFSDINGP could design the opti-
mal systems of diversified farming satisfying two goals which are maximum agricultural incomes

and maximum power inputs of agricultural machinery.

The agricultural incomes and power inputs of farm machinery of the optimal systems were
more than those of the conventional as much as 29-62% and 9-134%, respectively.
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Table 1. Goal programming of mathematical model.
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Table 2. The input data of decision variables by village  (Lower bound/Upper bound)

Village
Variable Joong Jung Ri Bong Gi Ri Sung San Ri
Model system
X(1) 54 [117.1 30/60.3 56 /79.3
Cropping systems of X(2) 0/117.1 0/60.3 0/79.3
paddy land, ha X(8) 0/117.1 0/60.3 0/79.3
X(4) 0/117.1 0/60.3 0/79.3
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X(5) 0/67.6 0/835 0/51.6
X(6) 0/67.6 0/33.5 0/51.6
Cropping systems of X(7) 0/67.6 0/33%.5 0/51.6
upland, ha X(8) 0/67.6 0/383%5 0/51.6
X(9) 0/67.6 0/33%.5 0/51.6
X(10) 0/67.6 0/335 0/516
Fruits, ha X(11) 0/38.2 0/83.4 0/ 1.34'2
X(12) 0/38.2 0/83.4 0/134.2
X(18) 0/ 500 0/ 320 0/300
Livestock, head X(14) 0/ 500 0/ 320 0/300
X(15) 0/1500 0/ 1000 0 /300
Power tiller (number) X(16) 80 /55 30 /44 37 /66
Rice transplanter X(17) 10/18 6/10 9/18
Power sprayer X(18) 12 [ 24 10/15 10/21
Water pump X(19) 15/ 30 16 /20 18 /25
Binder X(20) 14/ 30 10/15 10/17
Power Thresher X(21) 10/11 5] 7 6/ 8
Grain dryer X(22) 5/10 8/ 6 8] 7
Rate of mechanization X(28) 0/1.0 0/1.0 0/1.0
Table 3. The input data of RHS(1) by village.
Village
Constraints factor Joong Jung Ri Bong Gi Ri Sung San Ri
Symbol
RHS (1) Paddy land ha 117.1 60.3 79.3
RHS (2) Upland. ha 67.6 33.5 51.6
RHS (3) Arable forestry, ha 38.2 83.4 134.2
RHS (4) Available capital, won 463,216,000 254,438,000 229,154,000
RHS (5) Labor input in March, hr 66,788 43,704 46,527
RHS (6) Labor input in June, hr 92,760 60,700 64,620
RHS (7) Labor input in October, hr 85,340 55,844 59,451
RHS (8) Utilization of paddy land, % 100 100 100
RHS (9) Utilization of upland, % 100 100 100
RHS (10) Agricultural income. won 1,070,000,000 500,000,000 610,000,000
RHS (11) Power input, ps 1,000 1 000 1,000
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PRIORITY 3 IS SATISFIED IN

KEY PRIORITY LEVELIS 3

NUMBER OF STEP REDUCTIONS 0

THE SOLUTION FOLLOWS

X( 1) = 0.77918E+02
X( %) = 0.25749E -04
X( 9) = 0.17844E+01
X(13) = 0.13235E -02
X(17) = 0.13000E+02
X(21) = 0.60000E+01

1 ITERATIONS.

DECISION VARIABLES

X( 2) =0.64350E -04
X( 6)=0.10680E+01
X(10) = 0.22185E+02
X(14) = 0.12975E+00
X(18) = 0.21000E+02
X(22) = 0.80000E+01

ACHIEVEMENT FUNCTIONS

A( 1) = 0.11905E-01

X( 3) = 0.24512E+00
X( 7) = 0.68366E -01
X(11) = 0.31442E -01
X(15) = 0.16320E+03
X(19) = 0.25000E+02
X(23) = 0.11059E+00

A( 2)=0.31100E+3 A( 3)=0.00000E+00

PATTERN SEARCH ENDED’ THE OPTIMAL SOLUTION FOLLOWS.

NUMBER OF TIMES OBJECTIVE FUNCTIONS ARE EVALUATED = 13918

X( 1)=0.77918E+02
X( 5) = 0.25749E -04
X(9) = 0.41276E+00
X(18) = 0.18295E -02
X(17) = 0.13000E+02
X(21) = 0.80000E+01

DECISION VARIABLES

X( 2) = 0.64850E -04
X( 6)=0.10680E+01
X(10) = 0.22185E+02
X(14) = 0.12975E+00
X(18) = 0.21000E+02
X(22) = 0.30000E+01

ACHIEVEMENT FUNCTIONS

A( 1) = 0.11905E-01

X( 3)=0.24512E+00

X( 7) = 0.58366E -01.

X(11) = 0.81442E-01
X(15) = 0.16320E+03
X(19) = 0.25000E+02
X(28) = 0.11059E+00

X( 4) = 0.11483E+01
X( 8) = 0.41276E+00
X(12) = 0.15884E+01
X(16) = 0.50000E+02
X(20) = 0.15000E+02

X( 4) = 0.11483E+01
X( 8) = 0.41276E+00
X(12) = 0.15884E+01
X(16) = 0.50000E+02
X(20) = 0.15000E+02

A( 2) =0.31100E+03 A( 3) = 0.00000E+00

VALUE OF OBJECT FUNCTIONS

F( 1)= 79.81190 F( 2)= 2551331 F( 3)=  83.33649 F( 4)=2253603852.00000
F( 5)=15703.65620 F( 6) =64185.56640 F( 7) =38620.39450 F( 8)= 101.77219
F( 9)= 140.76434 F(10)= 635.48706 F(11)= 689.00000 F(

COMPUTER EXECUTION TIME (IN SECONDS), 0.00

Fig. 2. One example of the output of DFSDINGP for the optimum system of Sung San Ri.
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Table 4. The results of systems analysis of surveyed village.

Item Village Joong Jung Ri Bong Gi Ri Sung San Ri
Paddy 117.1 60.3 79.%
Upland 67.6 33.5 51.6
Land (89) Forestry 127.3 195 497
Arable forestry 88.2 83.4 184.2
Land Paddy 104 6 105.0 104.3
utilization (%) Upland 114.0 138.0 144.3
Labor (man) 463.8 308.5 323.1
March (man-hr) 86,788 48,704 46,527
Labor June (man-hr) 92,760 60,700 64,620
October (man-hr) 85,340 55,844 59,451
Total number of household 201 144 105
Available capital 463,216 254,438.4 229,154
Cali Agricultural income 722,815 310,574.8 408,667
Non-agricultural income 109,626 112 324 82,175
(1000 won)
Farm income 832,441 422,898 435,842
Farm income per household 4,141.5 3,709.6 4,150.9
Power tiller 284 110 296
Rice transplanter 4.6 2.3 4.6
Power sprayer 99.4 23.9 43.4
Power input Water pump 45 80 65
(PS) Binder 52 0 0
Power thre sher 65.4 32.7 81.75
Grain dryer 0 0 6
Total power 550.4 248.7 496,8
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Table 5. The results of optimal design of the diversified farming systems by village

Village Joong Jung Ri Bong Gi Ri Sung San Ri

Function Priority Income Machine Income Machine Income Machine
Paddy land, ha 117.1 117.1 60.3 60.3 79.3 79.3
Upland, ha 67.6 67.6 33.5 83.5 51.6 51.6
Arable forestry, ha 20.4 11.0 25.3 33.8 57.8 83.3
Capital needed, W 463,215,872 463,215,872 254,483,400 254,438,400 229,154,000 225,360,352
Labor input in March, man-hr 58,118.9 66,483.0  21,805.5 29,563.3 27,701.0 15,708.7
Labor input in June, man-hr 92,759.8 92,783.1 60,658.1 60,695.9 64,619.4 64,185.6
Labor input in October, man-hr 82,306.2 85,339.3 33,652.8 37,638.2 31,5633.4 33,6209
Utilization of paddy land, % 138.2 140.8 140.3 182.7 101.3 101.8
Utilization of upland, % 277.2 263.5 277.3 290.4 202.7 284.3
Agricultural income, ¥ 888,735,350 950,047,610 455,726,810 400,336,430 570,098,260 635,487,060
Power input, PS 512 597 471 589 508 689

Table 6. The results of optimal design of the diversified farming systems (Joong Jung Ri)

Model Optimal design

Mechanization system Variables Mechanization system Variables

Rice X (1),ha Rice 69.3 ha

Garlic + Rice X (2),ha

Water melon + Rice X (3),ha Water melon + Rice 229 ha

Barley + Rice X (4),ha Barley + Rice 249 ha

Tomato + Water melon + Cucumber X (5), ha Tomato + Water melon + Cucumber 17.6 ha

Strawberry + Lettuce + Sesame X (6), ha Strawberry + Lettuce + Sesame 18.9 ha

Cucumber + Red pepper + Carrot X(7),ha Cucumber + Red pepper + Carrot 7.4ha

Garlic + Soybean X (8),ha Garlic + Soybean 8.5 ha

Lettuce + Melon + Chinese cabbage  X(9),ha Lettuce + Melon + Chinese cabbage 40ha

Water melon + Peanut X (10), ha Water melon + Peanut 16.2 ha

Grape X (11),ha Grape 6.8 ha

Peach X (12),ha Peach 3.9 ha

Beef cattle X (18), head

Swin (breeding) X (14), head Swine (breeding) 21 head

Layer X (15), 100 number Layer 4,140 number

Power tiller X (16), number Power tiller 87 number

Rice transplanter X (17), number Rice transplanter 18 number

Power sprayer X (18), number Power sprayer 24 number
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Water pump X (19), number Water pump 18 number
Binder X (20), number Binder 18 number
Power thresher X (21), number Power thresher 11 number
Grain dryer X (22), number Grain dryer 8 number
Table 7. The results of optimal design of the diversified farming systems (Bong Gi Ri)
Model Optimal design
Mechanization system Variables Mechanization system Variables
Rice X (1), ha Rice 40.6 ha
Water melon + Rice X (2),ha Water melon + Rice 9.2ha
Barley + Rice X (8),ha Barley + Rice 10. 5ha
Spring cabbage + Rice + Lettuce X (4),ha
Garlic + Red pepper X (5),ha Garlic + Red pepper 1.6 ha
Cucumber + Water melon + Potato X (6),ha Cucumber + Water melon + Potato 8.9 ha
Tomato + Spring potato + Soybean X (7),ha Tomato + Spring potato + Soybean  15.4 ha
Melon + Sesame + Lettuce X (8),ha Melon + Sesame + Lettuce 8.2ha
Lettuce + Red pepper + Radish X (9),ha
Cucumber + Melon + Cabbage X (10), ha Cucumber + Melon + Cabbage 44ha
Grape X (11),ha Grape 4.7 ha
Apple X (12), ha
Beef cattle X (18), head Beef cattle 145head
Breeding cattle X (14), head
Swine (breeding) X (15), head Swine (breeding) 117head
Power tiller X (16), number Power tiller 44 number
Rice transplanter X (17), number Rice transplanter 10 number
Power sprayer X (18), number Power sprayer 15 number
Water pump X (19), number Water pump 20 number
Binder X (20), number Binder 15 number
Power thresher X (21), number Power thresher 7 number
Grain dryer X (22), number Grain dryer 3 number
Table 8. The results of optimal design of the diversified farming systems (Sung San Ri)
Model Optimal design

Mechanization system Variables Mechanization system Variables
Rice X (1),ha Rice 77.9 ha
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Garlic + Rice X (2), ha
Sprins cabbage + Rice X (3), ha
Green rye + Rice X (4),ha Green rye + Rice 1.4 ha
Ginseng X (5),ha
Sericulture X (6), ha Sericulture 2.2 ha
Cucumber + Red pepper + Chinese
cabbage X (7), ha
Tomato + Spring potato + Soybean X (8),ha Tomato + Spring potato + Sgybean 0.8 ha
Cabbage + Tobacco X (9), ha Cabbage + Tobacco 8.7 ha
Melon + Sesame + Spinach X (10), ha Melon + Sesame + Spinach 44.9 ha
Peach X (11), ha
Apple X (12), ha Apple 1.6 ha
Dairy cattle X (18), head
Beef cattle X (14), head
Breeding cattle X (15), head Breeding cattle 326 head
Power tiller X (16), number Power tiller 50 number
Rice transplanter X (17), number Rice transplanter 18 number
Power sprayer X (18), number Power sprayer 21 number
Water pump X (19), number Water pump 25 number
Binder X (20), number Binder 15 number
Power thresher X (21), number Power thresher 8 number
Grain dryer X (22), number Grain dryer 3 number
Table 9. The comparison of the optimal diversified farming systems with the conventional.
Village
Item Joong Jung Ri Bong Gi Ri Sung San Ri
Agricultural Conventional system (1,000 won) 722,815 310,574 408,667
income Optimal system (1,000 won) 950,048 400,336 435,487
Increasing rate (%) 81.4 28.9 61.9
Power input Conventional system (ps) 550.4 248.9 496.8
Optimla system (ps) 597.0 589.0 689.0
Increasing rate (%) 8.5 133.6 88.7
Paddy Conventional system 104.6 105.0 104.3
Optimal system 140.8 182.7 101.8
Land Conventional system 114.0 138.0 144.3
utiization  Upland Optimal system 263.5 290.4 284.8

_85_



Agricultural income, hundred million won

—

REBERMBEIE F11% F 258 19864F 128

(%) Conventional system 109.3 121.5 124.3
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Fig. 3. The comparison of the agricultural incomes
of the optimum systems of diversified farm-
ing with those of the conventional.
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Fig. 4. The comparison of the power input of the
optimum systems of diversified farming
with that of the conventional.
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